A polydonal antibody (CGB1/29) raised against a synthetic peptide with an amino acid sequence identical to the first 29 N-terminal residues of bovine bone-derived transforming growth factor42 (TGF-P2) was characterized and used for immunolocalization of TGF-P2 in adult mice. Reduced staining of immunoblots and tissue after absorption of the antiserum with the immunizing peptide or with TGF-PZ but not with purified TGF-P1 demonstrated that the reagent is specific for TGF42, with little or no crossreactivity with TGF-PI. The immunolocalization of TGF-P2 was investigated in formalin-fured, paraffin-embedded cultured cells and mu-
Introduction
Transforming growth factor-P2 (TGF-P2) is a member of a family of widely distributed proteins which are believed to be critically involved in the regulation of cell proliferation and differentiation during development and tissue repair (1) (2) (3) . TGF-P2 has been purified from porcine platelets (4) and bovine bone (1), and TGF42 mRNA has been detected in many tissues of adult and embryonic mice (6,7) .
The TGF-P family of proteins is highly conserved. The mature forms of human TGF-PI and TGF42 exhibit approximately 70% sequence identity (4, 8, 9) while TGF-03 is about 80% similar to TGF-Pl and TGFP2 (9) . Bovine (8) , simian (lo), porcine (4), and human (11, 12) TGFP2 have identical sequences, while murine TGF P2 differs by only three amino acids (6).
The distribution of immunoreactive transforming growth factor-Pl has been extensively investigated in embryonic and adult tissues in a variety of species (13) (14) (15) (16) (17) (18) . Both monoclonal (19) and poly-. clonal antibodies (20) specifically directed against TGFP2 haw been described, and some of these reagents have been used to study the immunohistochemical distribution of TGF-P2 in epidermis (7) . The present report describes a novel monospecific polyclonal antibody (CLB1129) raised against a synthetic peptide with amino acid se-SDS polyacrylamide gel. The protein was then transferred to Immobilon P paper (Millipore; Bedford, MA) in a high-pH buffer (25 mM Tris, 192 mM glycine, pH 11, with 20% methanol). After overnight transfer in a Bio-Rad (Richmond, CA) transfer apparatus (170 mA constant current), the blot was blocked with 2.5% non-fat dry milk in PBS containing 0.01% Tween 20 (F'T-BLCTIO). The Immobilon paper was then incubated with antibody in the PT-BLCTIO buffer for 1 hr at room temperature. After washing, the Immobilon was incubated with an optimal concentration of peroxidase-coupled goat anti-rabbit IgG (Zymed; South San Francisco, CA) for an additional 1 hr. The presence of antibody was visualized by the addition ofa commercially available peroxidax substrate (DAB membrane; Kirkegaud & Perry, Gaithenburg, MD). The reaction was halted by washing the blot in de-ionized H20. The detection limit for TGFB2 in this system is approximately 50 ng.
A E i i t y Ma& Preparation and Absorptions
BlIZ9-Agur~se. Reactigel6X (Pierce Chemicals; Rockford, IL), an activated agarose matrix, was used for coupling. After remod of excess acetone, 1 d of packed gel was mixed with 0.11 ml of sodium bicarbonate buffer (0.1 M with 0.5 M NaCI, pH 8.3) and 1 mg of peptide dissolved in 1.1 ml of DMSO. The reaction was allowed to proceed for 72 hr at room temperature, The gel was then washed by 3 alternating cycles of acetate buffer (0.1 M with 0.5 M NaCI, pH 4.0) and the sodium bicarbonate buffer.
Absorption of the anti-B1/29 IgG was accomplished by mixing 1 ml of the rabbit anti-Bll29 IgG (1.66 mglml) with 0.2 ml of B1l29-coupled agarose. The agarox was previously mixed with 1 ml of neat fetal bovine serum to limit nonspecific absorption and then washed. EF/31-Agumse. TGFPl(500 pg) was coupled to 0.7 ml of cyanogenbromide-activated Sepharose 4B (Pharmrcia Fine Chemicals; Uppsala, Sweden) for 2 hr at room temperature according to the manufacturer's instructions. After coupling, the TGFB1-agarose gel was washed as described above. To eliminate crossreactive antibodies, 0.5 ml ofaff'inity-purified anti-Bll29 IgG was run into a column containing the TGFB1-agarose. The antibody was allowed to bind overnight at 4'C. The non-bound fraction was then washed thoroughly with PBS and checked for specificity by Western blotting.
Antigen-blocking Experiment. The CLB1129 w1s incubated overnight at 4'C with a 20-fold molv excess of bovine TGFBZ. For this experiment, TGFB2 was lyophilized with carrier albumin and reconstituted in a small volume of4 mM HCI. It was then diluted into antibody at irs working concentration. After overnight incubation, the mixture was centrifuged for 10 min in a microfuge to remove any insoluble complexes. The antibody was then applied directly to slides as described below.
Preparation of Cultured Cells
BSC-1 African green monkey kidney cells (a gift from Dr. R. Holley of the Salk Institute, San Diego. CA) were cultured U described (23) . Cells were washed twice in PBS containing 0.68M EMA and incubated in 0.25% trypsin at 37'C for 1 min. The reaction was stopped by the addition of DMEM with 10% fetal bovine serum (Gibco; Grand Island, NY). The cells were washed twice in PBS and re-suspended in 10% neutral buffered formalin (NBF). Cells were transferred to a 1.5 ml Eppendorf tube, centrifuged at 1000 rpm for 5 min, fmed for 24-30 hr in 10% NBF, and embedded in par2ffin.
Immunohistochemical Methods
Tissues for investigation were dissected from 11 adult mice of both sexes of the Swiss Wcbster (Bantin & Kingman; Fremont, CA), C3HlHe (Harlan-Spmgue-Dawley; Indianapolis, IN), and Balblc strains (Bantin & King man), fmed in n e u d phosphate-buffered formalin for 6 days, dehydrated through graded ethanols, cleared in xylene, and embedded in p d i .
Tissue sections 3-1 pm thick were mounted on slides coated with polylysine (24) (Polysciences, Warrington, PA; #3730), de-pvlffinized in xylene, and rehydnted in graded ethanols to de-ionized water. Sections were rinsed in 0.05 M Tiis buffer containing 0.15 M NaCI, pH 7.6 (TBS). To detect matrix staining, the tissues were digested for 30 minutes with 0.1% (wlv) bovine testicular hyaluronidase (Sigma, St Louis, MO; H-3506) in 0.06 M sodium acetate-buffered saline, pH 5.5, at 37'C. To detect cytoplasmic staining, the tirma were digested for 5 minutes with 0.1% protease (Streptomyces Pronase E; Sigma, P-5147) in TBS at 37%. Endogenous peroxidase was quenched with 1% (vlv) H202 in TBS for 30 minutes at room temperature with continuous gentle agitation, followed by three more rinses in TBS. Nonspecific staining was blocked with 10% normal goat serum (Zymed; 01-6201) in TBSBT [TBS containing 0.5% bovine serum albumin (BSA; Sigma, A-7030) and 0.05% Tween 20 (Sigma, P-1379)] for 45 min and the slides were drained. Sections were then stained with anti-B1129 IgG diluted to 0.095 mg/ml in TBSBT for 60 min at room temperature, followed by three 5-min rinses in TBS containing 0.05% Tween 20 (TBST). Sections were incubated for 10 min in biotinylated goat anti-rabbit IgG (Zymed; 62-9640) diluted to 0.011 mglml in TBSBT, rinsed three times in TBST, further incubated for 5 min in sueptavidin-honeradish peroxidax (Zymed; #43-4323) diluted to 0.01 mglml in TBSBT at room temperature, and finally rinsed three times in TBST. The sections were then incubated for 1-2 min in diaminobenzidine (DAB; Zymed, 00-2014), followed by a wash in running tap water for 2 min. Sections were counterstained in 0.1% aqueous methyl green (Sigma; M-5015) for 30-60 sec, washed in running tap water for 2 min, dehydrated in ethanols, cleared in xylene, and mounted with Permount (Fisher Scientific; Fair Lawn, NJ). The relative intensity of immunostaining was d u a t e d using a subjective scale from 0 through 3 (0. no staining; i , weak and variable; 1, weak but consistently present; 2. moderate staining; 3, strong staining).
Nonspecific staining was investigated by substituting 0.09 mglml normal rabbit IgG (Dako, Santa Barbara, CA; x 903) for CLB1/29 antiserum. Staining specificity of anti-B1129 IgG was tested after prc-absorption with the immunizing peptide (Bll29) coupled to agarose, with purified TGFBl coupled to agarose, or with purified TGFP2. In addition, background staining was determined by elimination of primary IgG. As a final control, some specimens were also stained for TGFBl immunoreactivity (13) .
Immunostaining for fibronectin was performed as described abovc using a rabbit antibody directed against human fibronectin (Dako; A245) at a concentration of 0.01 mg/ml as primary. Endogenous peroxidase was quenched with 1% H202 for 30 min and nonspecific staining was blocked by incubation with 10% goat serum for 45 min.
Results

Characterization of Anti-B1/29 IgG Specij?city
The antibody fraction from the rabbit immunized with the B1129 peptide was found to react well against both the peptide and TGF p2 in EUSA reactions (data not shown). The specificity of the antibody towards TGFP2 relative to TGFBl was tested by Western blotting. The antibody bound strongly to 0.5 pg of TGFP2, whereas only a weak crossreaction was seen against an equivalent amount of TGFpl ( Figure 1A) . The antibody also reacted with non-reduced TGFP2 (data not shown). The extent of crossreactivity was estimated to be approximately 10%. Most reactivity against TGFp2 could be absorbed out by incubating the antibody with the B1129 peptide coupled to agarose ( Figure 1B) . Activin, a member of the TGFP family, could not be detected by the CLB1/29 antibody on a Western blot (data not shown). To ensure that the CLB1129 antibody was not detecting lGFP1 in the histological sections, control studies were done on sections using CLB1/29 which had been crossabsorbed on a TGFPl-agarose column. Figure 1C shows that this treatment eliminated the crossreactivity to TGFPl seen by Western blotting.
Efect of Enzyme Digestion on Immunostaining of BSC-1 Cells
The effect of pre-digestion with hyaluronidase or protease on the immunoreactivity of fixed and embedded cells was investigated using pelleted preparations of BSC-1 cells, which are known to produce high levels of TGFP2 (23) . When pelleted BSC-1 cells were digested with hyaluronidase, widespread positivc staining was found on fibrillar ext~acellular material, but cytoplasmic staining was absent ( Figure 2A ). In contrast, when BSC-1 cells were digested with protease, strong cytoplasmic staining occurred widely, but staining of extracellular matrix was not seen ( Figure 2C ). The extracellular material was found to react positively when subjected to immunostaining for fibronectin (data not shown), but was not otherwise characterized. No staining of extracellular matrix after hyaluronidase digestion ( Figure 2B ) or of cytoplasm after protease digestion ( Figure 2D ) was seen after incubation with non-immune rabbit serum. Preferential staining of extracellular matrix appeared to m y somewhat with different lots of hyaluronidase. The differential effects of hyaluronidase and protease digestion were also found to apply to formalin-fixed, paraffin-embedded tissues.
Evaluation of Anti-lGFPZ IgG Specificity in Control Sections
Incubation of tissue sections with CLB1/29 antibody after diges-tion with protease resulted in strong cytoplasmic staining ( Figure  3A ). Most tissues exhibited no reactivity after exposure to nonspecific IgG ( Figure 3B ), but in a few cases (e.g., retina) faint diffuse staining was seen at a level much below that in sections treated with specific antibody. Incubation with immune serum after preabsorption with immobilized TGFPl protein produced a slight reduction in the intensity of staining of some but not all tissue features, but did not eliminate immunoreactivity ( Figure 3C ). In contrast, no immunostaining could be detected in tissues incubated with immune serum that had been pre-absorbed with immobilized TGFP2 ( Figure 3D ), or with B1/29 peptide (data not shown).
Similar results were obtained with specimens of other tissues exposed to protease digestion, including lung, thyroid, fat, thymus, respiratory mucous epithelium, cartilage, and endothelium. A similar pattern of specificity was also observed after tissue digestion with hyaluronidase (data not shown).
Negative control sections that were not exposed to a either specific or nonspecific antibody consistently demonstrated a negative response to DAB, with the exception of a subset of cells throughout the connective tissue. These cells, with fibroblast-like morphology, exhibited a pale tan color which was also seen in sections exposed to both specific and nonspecific antibody. In some tissues subjected to protease digestion, red blood cells demonstrated endogenous peroxidase even after quenching with H202. In some cases (e.g., spleen) this reaction was reduced when quenching occurred after protease digestion rather than before.
The results of these control experiments show that immunostaining with anti-B1/29 IgG is specific for TGF42, and that the antibody preferentially stains extracellular or cell-associated TGF-P2 depending on choice of digestion conditions.
Immunolocalization of TGF-flZ Afrer Digestion with Hyaluronidase
Connective Tissue. After digestion of tissues with hyaluronidase, strong immunostaining occurred primarily in fibrous connective tissue, although cytoplasmic staining was seen in a few cell types. In some instances many long connective tissue fibers were stained, but in many cases staining occurred in a pattern consisting of short fine fibrils ( Figure 4 ). Fine fibrillar staining occurred in connective tissue in the skin, notably in the superficial dermis and surrounding adnexal structures (Figure 5 ) . This pattern could not be identified with any obvious dermal structure. In particular, it was not consistently associated with the dermal-epidermal junction. A pattern of strongly staining short fibrils immediately subjacent to the cutaneous muscle occurred in all sections, and these did not appear to be part of a submuscular fascia. Connective tissue within the heart was negative. Throughout the organism, blood vessels with venous morphology demonstrated strong positivc staining, which occurred as a continuous ring within the vessel walls and did not appear to be cytoplasmic or associated with basement membrane (Figure 4 ). Staining of osteocytes, bony matrix, periosteum, chondrocytes, perichondrium, and fibrocartilage matrix was seen in some sections, but this was weak and exuemely variable.
NonsoMective h e . Very limited non-connective tissue stahing was also seen after hyaluronidase digestion. With the exception of strong staining of sperm tails and Leydig cells, and moder- ate staining of gastric mucosa, this was weak and variable. Weak staining of some corpora lutea was occasionally present, and strong staining of an unidentified cytoplasmic feature occurred within the absorptive epithelium of the intestinal villi. Megakaryocytes and some other cells within the marrow demonstrated a weak to moderate response. Neural tissue within the spinal cord displayed a weak, diffuse stain.
Immunolocalization of TGF-p2 After Digestion with Protease
Connective Tissue. Staining of extracellular connective tissue was limited in sections submitted to digestion with protease. Ten-don and periosteum exhibited strong staining but immunoreactivity was not detected in cortical or trabecular bone ( Figure 6 ). Perichondrium also was immunoreactive, and weak. diffuse staining of fibrocartilage matrix was seen. Dermis was non-reactive. In contrast to the limited staining of extracellular matrix, cytoplasmic E F 4 2 immunoreactivity was seen in a large range of tissues after digestion of tissue sections with protease (Table 1) .
Within connective tissue, positive staining of trabecular lining cells was seen in bone ( Figure 6 ), and some chondrocytes showed moderate staining. Staining of chondrocytes was usually negative in regions characterized by mature matrix exhibiting marked deposition of glycosaminoglycans (Figure 7) . Cytoplasm of adipose tissue was consistently positive. Cytoplasmic staining probably occurred in periosteal and perichondral cells and in tendon, but it was difficult to eliminate the possibility of matrix staining. Staining of osteocytes ( Figure 6 ) was variable, both within and between specimens.
Musde. Striated muscle throughout the organism consistently stained with intermediate to strong intensity (Figure 8 ). as did smooth muscle in many tissues (Figure 8 ). Cardiac myocytes showed moderate immunoreactivity (Figure 9) .
Epithelium. Positive staining was detected in many epithelial tissues ('bble 1). Many secretory tissues, such as the lacrimal glands, glands in the respiratory tree, and the salivary glands, showed a moderate to strong response. In the submaxillary gland, staining appeared to be limited to serous acini and ducts but not mucous acini (Figure 10 ). In the stomach, mucous epithelium, as well as parietal and chiefcells, showed immunoreactivity. Most cells showed moderate staining, but a few otherwise unremarkable cells exhibited very intense staining. In the intestine, dense particulate staining occurred in villous epithelia but not in goblet cells (Figure 11 ). Expression of TGFP2 immunoreactivity was absent or weak in intestinal crypts and increased markedly to a maximum at the villous crest (Figure 11 ). Staining was seen throughout the kidney, except in glomeruli. In some specimens increased reactivity was seen at the corticomedullary border. Liver and pancreas demonstrated weak and variable reactivity. Respiratory epithelium (Figure 3 ) demonstrated strong staining, and alveoli were moderately immunoreactive. Endothelia were generally non-reactive, but heart valve cells were weakly positive. Corneal epithelium yielded a weak positive reaction superimposed on nonspecific background. Fibers at the periphery of the lens of the eye gave a strong response (Figure 14) . Moderate staining was sometimes seen in keratinocytcs; however, a variable but sometimes high nonspecific background staining obscured any specific epidermal response.
Hematopoietic Tissue. Staining was seen throughout the hematopoietic tissues. In the marrow, megakaryocytes were consistently positive, and some myeloid cells showed weak and variable staining ( Figure 6 ). Lymphocytes in the thymus, lymph nodes, and spleen (Figure 12) were consistently negative, except for scattered plasma cells, but immunoreactivity of macrophages was suggested by diffuse background staining in the white pulp and cortex (Figure 12) . Contrary to the situation in marrow, only some splenic megakaryocytes showed immunoreactivity. Thymic macrophages and epithelium were also positive. Staining of Hassal's corpuscles was variable.
Neural Tissue. Within the brain, well-defined neural tracts and scattered cell bodies demonstrated strong immunoreactivity superimposed on a weak diffuse background (Figure 13 ), as did Purkinje cells. Weak, dlffuse staining of neural tissue was seen in the spinal cord, with isolated cell bodies showing more intense reaction. Ependymal lining cells in the central canal also demonstrated moderate reactivity. Strong staining occurred in the photoreceptor layer of the retina (Figure Id) , although this was superimposed on moderate background staining. The outer plexiform layer was also immunoreactive (Figure 14) . No staining of peripheral nerve was seen.
Endocrine Tissue. Strong staining occurred throughout the endocrine tissues. Thyroid follicular epithelium and some parathyroid I 4 I 7 cells were strongly positive ( Figure 15 ). A subset of cells in the anterior pituitary was consistently reactive, and diffuse staining was seen in the posterior pituitary of some specimens (Figure 16 ). The adrenal cortex showed strong response, predominantly in the zona fasciculata, and weak staining occurred in medullary cells (Figure 17 ).
In the testis, the Leydig cells demonstrated strikingly strong reactivity, whereas weak staining was present throughout the spermatogenic series (Figure 18 ). Epididymal and ductus deferens epithelia were positive. Within the seminiferous tubules, sperm tails yielded a strong response, but within the epididymis and duct they were negative. In the ovary, follicles appeared to develop a dot-like staining pattern as maturation progressed (Figure 19 ). Atretic follicles also showed reactivity. Staining of corpora lutea was very strong (Figure 19 ). Staining of Fallopian tube epithelium was well defined. Moderate to strong staining also occurred in uterine endometrium and myometrium (Figure 8 ). Within the placenta, syncytiotrophoblast cells also stained positively.
Discussion
This report describes a novel antibody which is directed against the first 29 amino acids of TGF-P2 and can primarily detect either matrix or cytoplasmic immunoreactivity after digestion with hyaluronidase or protease, respectively. The CLB1/ 29 antibody demonstrated good specificity for TGF432, as shown by the lack of staining of BSC-1 cell pellets and tissues after pre-absorption of the antiserum with B1/29 peptide or with purified TGF-P2 and by the fact that pre-absorption with TGFPl failed to reduce staining. Specificity was confrmed by Western blots. Furthermore, staining of murine tissues with reagent specific for TGFPl (CC-A1/30) (13) yielded a distinctly dlfferent pattern than did staining with CLB1/29. It is not likely that the immunoreactivity seen in endocrine tissues is due to crossreaction with other members of the E F P2 family of proteins, in particular, inhibin (25) , activin (26) , or Mullerian inhibiting substance (MIS) (27) . None of these proteins contains the amino acid sequence of the peptide used as the stimulating antigen for CLB1/29. In addition, Western blots s h w d that CLB1/29 does not crossreact with activin (data not shown).
The possibility of crossreaction with other members of the TGFP superfamily cannot be eliminated, however. It is also not known how TGFP2 immunoreactivity is related to the conformational state of the molecule in situ, e.g., to precursor vs mature forms or to active vs latent states.
Previous work has shown that different antibodies preferentially detect TGF-Pl immunoreactivity either in connective tissue matrix or intracellularly after hyaluronidase digestion (13) (14) (15) (16) (17) (18) . Differential detection of extracellular or intracellular staining with a single antibody has not previously been observed for either TGF-Pl or TGFP2. In the present studies, the differential effect of digestion Figure 19 . Strong staining is present in corpora lutea (arrowhead), and weaker response is seen in a developing follicle (arrow). Protease digestion. Bar = 40 pm. on cytoplasmic or extracellular matrix staining by CGB1129 was shown by both cell pellets and tissue sections, and was seen after digestion with either protease or hyaluronidase. The differential effects of pre-digestion with a wider range of enzymes may have implications for elucidating the biology of TGFP2 in various tissues, but such an investigation has not yet been attempted. In preliminary studies, trypsin and combinations of protease with hyaluronidase have given results similar to protease alone.
TGF-P2 immunoreactivity was widely distributed throughout mouse tissues. This result agrees with the few studies of TGF42 immunolocalization thus far published and the finding that TGF-P2 mRNA is present in many murine organs, as shown by Northern blot analysis (6) and in situ localization (28) . Nevertheless, a number of differences occur between the present immunolocalization and previous studies of mRNA and protein distribution. In part, these differences may be attributed to the use of different immunoreagents, to discrepancies between the expression of mRNA and the presence of protein, and to the study of embryonic or adult animals. These apparent differences, however, suggest important features of TGFP2 biology. In particular, comparison of TGF432 immunoreactivity with the distribution of mRNA by in situ localization suggests that TGF-P2 may be synthesized in mesenchymal tissues and may act as a paracrine regulator of growth of adjacent epithelia (28) .
Extracellular matrix staining frequently occurred in a finely fibrillar pattern in loose and dense connective tissue. The detection of well-defined microfibrillar staining in the dermal matrix, especially at the margins of adnexal structures, contrasts with a published study which found no dermal staining in adult mice using different polyclonal antibodies to TGF-P2 after hyaluronidase digestion (7). Expression of TGFP2 mRNA is reported to undergo dynamic changes during embryogenesis, but expression was reduced in neonatal dermis (28) . Murine and human fibroblasts secrete TGF42 in culture (20) , and TGF42 is able to stimulate healing in dermal wounds (29.30) . The well-defined staining of connective tissue subjacent to the cutaneous muscle was striking and has no ready interpretation. Binding of TGF432 to connective tissue may serve as a method of storage analogous to that proposed for fibroblast growth factor (31) . Similarly, the occurrence of antigen within vessel walls may also represent a storage mechanism. The widespread occurrence of TGFP2 immunoreactivity in blood vessel walls is noteworthy, since it has been shown that TGF42 is about 60-fold less potent than TGF-Pl in inhibiting proliferation of bovine aortic endothelial cells and adrenal capillary endothelial cells (32) . This apparent inconsistency suggests that TGF-fi2 may play a biological role in the microenvironment of the vessel wall that does not involve endothelial proliferation. The apparent venous morphology of the immunoreactive vessels is in apparent contrast to a report that mRNA expression in the developing mouse is limited to smalldiameter vessels (28) .
Because significant amounts of TGF432 can be purified from bone (S), it is interesting that no staining was detected in cortical or trabecular bone matrix. The sequence of murine and bovine TGF P2 in the region towards which CLB1129 is directed is identical. Hence, species differences in immunoreactivity are not likely. Limited cytoplasmic staining of trabecular lining cells, possibly osteoblasts, and of chondrocytes was seen following digestion with either enzyme. The variability of osteocyte staining in cortical bone may reflect local variations in maturity and differentiation. TGFP2 mRNA has been found throughout the developing skeleton (28) , and immunoreactive TGF-PZ appears to undergo specific spatial and temporal changes in developing palatal mesenchyme (B. Abbott, personal communication). TGFP2 has also been shown to be a potent stimulator of chondrogenesis and osteogenesis in vivo (33) .
Smooth muscle, skeletal muscle, and cardiac myocytes were all immunoreactive. The latter observation agrees with published data that mouse heart tissues contain detectable levels of mRNA for TGF P2 (6) .
Hematopoietic tissues were positive. Staining was present predominantly in megakaryocytes, but limited staining also occurred in other marrow cells, probably of the myeloid series. TGF-P2 has been detected in porcine platelets (4) but has not yet been reported in the platelets of other species. The presence of TGF-P2 in hematopoietic tissues merits further investigation, since it has been reported that TGF-02 is weak or is not active in the inhibition of hematopoietic cell proliferation, whereas TGF-Pl is a potent inhibitor (34) (35) (36) . Cells of the reticuloendothelial system were positive in marrow, spleen, and lymph nodes, as was the thymic epithelium. T-cells throughout the organism did not stain, although it has been shown that TGFP2 is a potent inhibitor of murine thymocyte IL1-induced proliferation (37) .
Staining of neural tissues was common. Specific brain tracts were well defined, and weak diffuse stain was present throughout the central nervous system. Other evidence for TGF42 in neural tissue includes the presence of mRNA in mouse brain (6) . although not in human brain (S. Bodmer et al., personal communication) and the production of significant quantities of TGFP2 by cultured glioblastoma cells (12) . The strong staining seen in the retina is significant, since proliferative vitreoretinopathy is associated with elevated levels of TGF4.32 (38) .
No epidermal staining was detected after digestion with either enzyme. In contrast, in situ hybridization has suggested that TGF-P2 mRNA becomes detectable in mouse epidermis around the time of birth (28) , and it has been reported that TGF42 immunoreactivity could be detected in mouse sebaceous glands and epidermis using other antibodies to TGF42 after hyaluronidase digestion ( 7 ) . In the latter study, however, the skin had previously been treated topically with acetone, and may therefore have been in an abnormal state. TGF-P2 immunoreactivity has also been reported to be present in developing palatal shelf epithelium (B. Abbott et al., personal communication). Cultured keratinocytes have also been shown to secrete active TGFP2 when stimulated by retinoic acid (7).
Many non-keratinizing epithelia throughout the organism did stain strongly. These included both secretory epithelia, as in lacrimal and submaxillary glands, and absorptive epithelia in the digestive tract. Respiratory epithelium and pulmonary alveoli were also positive. Widespread immunoreactivity is consistent with other reports that provide evidence for TGF-PZ in epithelia. Significantly elevated levels ofTGFP2 mRNA have been detected in mouse submaxillary glands (6) . The presence of staining for TGFP2 throughout the digestive epithelia conflicts with an investigation which failed to detect TGF-P2 mRNA in jejunal enterocytes, although proliferation of these cells was potently inhibited by exogenous TGFP2 (39) . Similarly, TGFP2 mRNA appeared to be restricted to the sub-mucosa of the digestive tract in the developing mouse (28). The failure to detect immunoreactive T G F 4 2 in liver correlates with a lack of detectable mRNA by Northern blot analysis (6) and in situ hybridization (28). In culture, many normal and transformed cells derived from epithelial tissues secrete T G F 4 2 (20,23,40) , and TGFP2 is strongly antiproliferative for many epithelial cells (23,41) .
A striking pattern of staining in specialized cells of the cndocrine tissues was seen. Strong immunoreactivity was present in secretory cells in the pituitary, thyroid, parathyroid, adrenal cortex, ovary, and testis, and in the syncytiotrophoblast cells of the placenta. TGF 0 2 mRNA has been detected in testis (6). Although published investigations of the role of TGF-P2 in the regulation of endocrine tissue have not yet appeared, TGFPl is a potent regulator of cndocrine functions (42-44). The widespread occurrence of TGFP2 immunoreactivity in endocrine tissues is confirmation that the ability of TGF-Ps to regulate the activity of these tissues in vitro may reflect a fundamental activity of this factor in vivo. This observation also suggests that the TGF-Ps may share a physiological role with other members of the TGF-P gene family. Thus, activin (26), inhibin (25), and MIS (27) , which share significant sequence similarity with the TGF-Os, are known to have specific regulatory roles in the development and regulation of the endocrine system. This comparison further suggests that additional roles may be found for these proteins in other tissues.
The distribution of immunoreactive TGF-Pl in neonatal and adult mice has previously been studied using two different antisera to detect matrix and intracellular antigen (13-15,17) . When tissues digested under appropriate conditions to demonstrate extracellular or intercellular staining are compared, the previously published localization of TGF-Pl generally corresponds to that of TGF-P2 as reported here, but with some interesting differences. Extracellular matrix staining for TGF-Pl occurred diffusely in connective tissue (14,15), but TGF-02 staining occurred as a distinct microfibrillar pattern. After hyaluronidase digestion, TGF-Pl was detected in Hassall's corpuscles and some medullary thymocytes (13); however, these sites were not positive for TGF-P2 after digestion with either enzyme. Connective tissue within the heart and uterus stained strongly for TGF-Pl but not all for TGF-PZ. Similarly, fibrocartilage in the sternum and spine stained strongly for TGF-01 but only weakly for TGF-P2 after hyaluronidase digestion.
Dlfferences between TGFPl and TGFP2 immunoreactivity were also seen in the staining of protease-digested tissues. In the kidney, T G F 4 2 was not limited to distal tubules. TGF-P2 staining occurred throughout megakaryocytes and was not limited to the nucleus as for TGF-Pl (17). Weak staining for TGF-Pl was reported in keratinocytes and hepatocytes (17), where T G F 4 2 could not be detected. Conversely, no TGF-Pl staining has been reported in brain, testis, or corpora lutea (17), but strong staining for TGFP2 occurred in well-defined tracts in the brain, in Leydig cells and the spermatic series in testis, and in corpora lutea. The previous studies of TGF-Pl did not investigate several organs, especially endocrine orgins, where strong staining for TGF-P2 was found. A more precise comparison will require detailed and simultaneous study of the two proteins in specific tissues of interest. TGFQ2, like the more thoroughly studied TGF-Pl, is thought to be a multifunctional regulator of cell proliferation, differentiation, and activity. The wide and varied distribution of immunoreac-tive TGF@ reported here confirms that the factor is a fundamental regulatory molecule and suggests that it may haw many functions in different tissues.
